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By C h a r l e s  P. MOrrLU, Jr. and Lee E, Boddy 

- The r e su l t s  of wind-tunnel t e s t a  conducted t o  detamine the 
high-speed stability and control   character is t ics  of an airplane 
model with a m e p M a c k  ufng and tail are presented i n  this   report .  
There a.re included t h e  aerodynamic c o e f f k i e n t s  a d  the longitudinal- 
and lateral-control  characterifl t ice of the plafn winefuselage-tail 

d a t a  and fu8elage"side  dive brakes. 
I cambination. A l s o  included are the ef fec ts  of wing leading-edge 

L Divergence of the drag occurred at approximately 0.86 Mach 
number and was accompanied by m increase in s ta t ic   longi tudina l  
stability. However, no uncontrollable  tendency t o   p i t c h  down at  
high  speeds w a s  noted. The l ead inwdge  slats proved ef fec t ive   in  
delaying the stall and instability at high l f f t   c o e f f i c i e n t s  but 
caused  longitudinal  instabil i ty a t  low lift c o e f f i c i e n b  and high . 
Mach numbers. Each 10' deflection of the dive brakes increased 
the drag coefficient  approximately 0,007 and increased   the   p i tch ine  
moaent coeff ic ient  about t he  Bame amount as a 0.70 upward elevator 
deflection. 

This r e p o r t  present8  the hia-peed s t a b i l i t y  and control  
character is t ics  of a fighter airplane model w i t h  a 35' swep-ack 
wing and tail. %e data preaented herein were obtained fran tests  
made in the Ames l-oot high-speed wind tunnel of a semispas 
mods1 of the airplane. For r e su l t s  of other   t ee t s  conducted wlth 
the same model, cmault   references 1 asd 2 which cover modifications 
t o  the or iginal  model and the e f f ec t s  of external stores,   respectively,  



The high-speed data contained in this report  included the baeic 
aerodynamic character is t ics  of the modsl, the effectiveness and 
hinge+nament character is t ics  of the ccmtrol  aurfacea, the e f f ec t  of 
wing leadin-de s l a t e ,  and the e f f ec t  of t h e  fuselage-eide dive 
brakes. 

P 

The symbols used in th ie   repor t  are  def b e d  as follows: 

W h  number 

angle of a t tack of fuselage reference line, degrees 

lift coefficient (- qs j 
( ) 

e lift of half mob% 

drag coeff ic ient twice of half model 

( qs 
pitchinwoment  coefficient 

elevator  deflection about hi'hge l ine,  degrees iL 

twice pitching moment of half model 
qS M.A.C. 

s tab i l izer  incidence  relative to fuselage reference 
line, degrees 

elevator hinge-mament coefficient 

( twice elevator h* mamsnt of half mod 
4 be ce2 

s t ab i l i ze r  hinge-nt coefficient 

aileron deflectfan about bin- line, degrees 
c 

. 
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aileran hinge-mament coefficient aileron hinge moment - 

fuselage+ide  dive-brake i n n e r d o o r  deflection, degrees 

free-tream dynamic pressure, pounds per square foot 

twice wing mea of half model, square f ee t  

man aerodynamfc chord of w i n g ,  feet 

twlce  the wing semispan, f ee t  

twice  elevator hinge-line length, fee t  

mean square chord of elevator normal t o  hinge line, 
square f ee t  

twice  horizontal tail axea of half model, square f ee t  

mean aerodynamic chord of horizontal tail, feet 

stick  deflection, degreee 

s t ick length, feet 

aileron hinge-line length, fee t  

2 ca ’ m e a n  square chord of aileron normal t o  hinge l ine,  square feet 
I 

Mom m APPARATCS 

A semispan, 0.2-cde model of a fiater a i r p h e  with 35’ swept+ 
back w i n g  and tail m a  employed in these tests, which  were conducted in 
the Ames l&foot high-peed wind t m e l .  2he half model was mounted 
on the trunnion of the wfnd”tunnel ’t?ahnce frame with its center plane 
approxlmately 6 inches from the tunnel wall as &own In f igme I, A 
steel separation  plate fastened t o  the turntable In the tunnel wall bg  
means of a fai r ing served as a reflection p h e  f o r  the half model. 
(See reference 1 f o r  sketch and mre detailed description of the 
fnstallatim. ) 

The model m s  tested wlthout cmopy, dorsal fin, o r  ver t ical  
tail, The horizontal tail was n o t  equipped with t r i m  tabs but the 
stabil izer was deaigned f o r  variable  incidence. 
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The wing of tkre model had a leading" slat of conatant  chord 
(24 percent of wing chord a t  the outboard  end  and 15 percent at the 
inboard  end  meamred parallel t o  the center   l ine)  as shown i n  figure 2. 
The inboard end of the slat WEB 10.82 inches from the fueehge  center  
line. The span of the e l a t  wae 31.05 inches (69 percent of the wing 
semispan) measured normal to the center line; and the chord waa 3.29 
inches measured par&Uel t o  the center  line,  Bracket8 of varloua 
lengths were  ueed t o  fasten  the e h t  t o  the' wing in  the Closed, one- 
quarter ex-knded, one-half extended, o r  fully extended  position. 
The maximum exteneion was 1.461 inches normal t o  the wing leading 
e-, the chordwise extension then  being 10.7 percent a t  the outboard 
end  and 6.7 percent a t  the inboard end  measured pa ra l l e l  t o  the 
center line. The maximum extension w a s  accampanied by Q tilt o r  
droop of t he  slat 9' 361 below the wing reference  plane For 
intermediate  extensions  the droop waa proportionally Bmaller. 

A dive  brake of the folding-door type was incorporated in the 
side of t h e  fuselage. (See f i g .  3.) The inner door pivoted about 
a hinge line at fueelage station 65.2. The cmbined area of both 
doors of the  brake was 0.298 square f e e t  (4.3 percent of the wing 
area of the half model) and the chord of the inner door was 0.471 
f ee t .  In additior, t o  the normally closed positian the dive brake 
could be deflected 20°, 40°, or 85O, the a n g l e  being measured between 
t h e  inner door and I t s  closed  position. 

Pertinent model dFmensions are: 

Wing 

ha. (whole model), sq f t  . . . . . . . . . . . . . . .  11.516 

Spafl (whole model) ,  ft . . . . . . . . . . . . . . . .  7.423 

Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . .  4.785 

Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  0.513 

Dihedral, deg . . . . . . . . . . . . . . . . . . . . .  3 -0 

Mean aerodynamic chord, f t . . . . . . . . . . . . . .  1.617 

Sweepback of 25-percent-chord l ine ,  deg . . . . . . . .  35.22 

Root incidence, deg . . . . . . . . . . . . . . . . . .  1.0 

- I- 

" . " 

. " .  

" 

.~ 

" ." 

" 

Tip incidence, deg . . . . . . . . . . . . . . . . . . .  -1 .o 
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Root a i r f o i l  section1 . . . . . . . . . . .  modified W A  0 0 7 4  

Tip airfoil sect lonl  . . . . . . . . . . .  modified EACA 0011-64 

Aileron (one w) 
Area (dt of hinge line). sq ft . . . . . . . . . . . . .  0.746 
span. f t  . . . . . . . . . . . . . . . . . . . . . . . .  2.008 

Mean square chord. eq f t  . . . . . . . . . . . . . . . . .  0.19 
Horizontal Tail 

Area (whole model). sq f t . . . . . . . . . . . . . . .  1.400 
Span (whole m o d e l )  f t . . . . . . . . . . . . . . . . .  2.550 

Aspect ratio . . . . . . . . . . . . . . . . . . . . . .  4. 650 

Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  0.450 

Dihedral. deg . . . . . . . . . . . . . . . . . . . . . .  10.0 

Mean aerodpamic chord. ft . . . . . . . . . . . . . . .  0 . 3 8  

Sweepback of 2-ercenhhord m e .  deg . ; . . . . . . .  35.59 
Airfoil section ( p d e l  to 

center lfne) . . . . . . . . . . . . . . . . . .  W A  001064 

Elevator 

Area (whole model). sq ft . . . . . . . . . . . . . . . .  0.405 
spm (whole model). f t  . . . . . . . . . . . . . . . . . .  2.310 

Mean square chord. sq f t  . . . . . . . . . . . . . . . .  0.0248 

Stab i l i ze r  

Area (whole model). sq f t . . . . . . . . . . . . . . .  0 - 9 5  

span (&oh model). ft . . . . . . . . . . . . . . . . .  2.550 
=Both sections taken n o m 1  t o   2 m e r c e n k h o r d  line . (See reference 
1 for details on modification t o  section.) 
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The investigation  consisted of a determination of the general 
character is t ics  of the half  model and a study o f  the   effects  of 
the wing leading-edge s l a t s  and  the  fuselage  dive brakes on them 
character is t ics .  AB indicated in the  definitions of symbols, the 
data have been  modified t o  apply  to a whole mods1 and the diecumion 
fo l lowing  w i u  be on the baeis of a’ ccanplete model. 

The slats were t e s t ed   i n  the closed,  one-quarter  extended, one- 
half extended, and fu l ly  extended positions. Eats were obtained 
for dive brake  deflections of Oo, 20°, 40°, and 85’. 

The test Reynolds number, based on the mean aerodynamic chord 
of the wing, varied from 3.35 million a t  0.30 Mach number t o  6.20 
million a t  a Mach  number o f  0 . 9 .  (See f i g .  4.) 

Pitching mamente &re referred t o  a center 2 . a  inches above 
the 25-percent point of t h e  mean aerodynamic chord of the wing 
(fuselage etat ion 37.70). The horizontal”tai1 hlnge moments are 
given  about a .hinge axis 1.44 Inches below the 4.3-percent point of 
the mean aerodynamic chord of the tail .  

Bo t a r e  corrections have been applied t o  the data since no 
par t  of the support system was exposed t o  the main air stream. 
The effecte  of the wind-tunnel uall~ on the angle of attack, drag, L 

and pitching mtlment have not  been  accounted for aince  they a r e  
emall f o r  a model of t h i s  size and, in general, have the opposite 
e f f ec t  of the leakage. Also, no correction has been applied t o  the 
aileron  effectiveness t o  account for the end-late e f f ec t  of the 
ref lect ion plane. The aileron effectiveness of the half model agreed 
well with that obtained from preliminary tests of the whole model 
mounted in the center of the wind tunnel. However, constriction 
e f fec ts  of the model and support 8ystem have been-taken into account. 
Since the mod& was re la t ive   to   the  b e t  section  the  conetric- 
t ion  correct ion  to  the Mach  number was leas than 2 percent at  0.90 
Mach number. - 

The magnitude of the  drag  coefficients appeara t o  be too large 
due to   the  effects  of leakage air  passing  over the eupporting 
structure  insfbe  the fairing, However, the  variation of drag with 
Mach number is believed t o  be re l iable .  

Figure 4 gives  the average varia$ion of Reynolds number with 
Mach number during  the t e a t s .  The basic  characterist ics of the 
model are preeentad  in  f igures 5 through 8. Longitudinal and lateral 

c 
- 

- 

a 
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character is t ics   for   zero yaw together with accompanying control-surface 
hinge moments are  given  in figures 9 through 16. Figures 17 t o  21 
present  the  effect  of the wlng slats; aqd data on the dive  brake are 
given i n  figures 22 throu@p 25. 

Lff t ,  Drag, and Pi tch ing   Mmnt  

The variat ion of l i f t  coefficient  with angle of attack and 
Msch  number ia presented  in  f igure 5 .  me average  slope of the lift 
c w e  increased  with  increasing Mach number, but the angle of a t tack  
for  zero lift remained essentially  constant up t o  0.90 Mach number. 

A t  l o w - l i f t  coefficients  the  drag  coefficients remained r e h -  
t ivelg  constant   to  a Mach number of about 0.86, at  which divergence 
occurred. At higher lift coeff ic ients  the divergence Mach number 
was lowered t o  approximately 0.825. (See f ig. 6. ) 

The variation of pitchinmoment  coefficfent uith lift coeffi- 
c ien t  of the model with the horizontal  tail removed indicated longi- 
t ud ina l   i n s t ab i l i t y  at  Mach numbers up t o  approximately 0.85, at 
which the model became neutral ly   s table .  (See fig. 7.) At higher 
Mach numbers the model exhibitsd  stable  characterist ics.  The 
p i t c h i n e a n e n t   c o e f f i c i e n t   a t   z e r o  1st showed only sl ight   var ia-  
tion  within  the Ifmits of the t e a t  (-0.008 t o  0.003). P i t c h i n e  
moment charac te r i s t ics  of the model wfth  the  horizontal tail 
( f ig .  8) indicated  Btatfc longitudinal s t a b i l i t y   f o r  moderate 1 S f  t 
coeff ic ients  at a l l  test k c h  numbers. However, a strong  tendency 
exiated  for  the model t o  became longitudinally  unstable at  the 
higher lift coefficients,   especially Kith a negative  deflection of 
the elevator or s t ab i l i ze r .  

Lmpitudind  Character is t ics  

Figure 9 presents the variat ion of lif-tc and pitchin-nt- 
curve  slopes with Mach number. A t  low l i f t  coefficient8 the lift- 
c w e  slope increased grsduallg with Wch number. The curve for 
0.4 l i f t  coeff ic ient  show8 a decrease of slope from low t o  medium 
Mach numbers followed by a gradual  incrgase,  reaching a peak a t  
0.85 Mach number and decreasing rapidly thereafter. 

The s t a t i c   i n s t a b i l i t y  e%hlbited below 0.85 Mach number by the 
model wlthout  the  horizmtal tail increased  ccmstderably a t  lfft 
coeff  iciente greater than 0.4. However, addfng the tail reatored 
s t a b i l i t y   f o r  moderate lift coeff ic ients  at all Mach numbere within 
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the test limits. A t  lift coeff  iciente above about 0.4 the  degree 
of s t a b i l i t y  w a s  appreciably  reduced. A t  a Mach number of 0.85 
the longitudinal s t a b i l i t y  at  zero  l i f t .began  to   increase;  however, 
the ac tua l  magnitude of the s tab i l i ty   der iva t ive   d id  n o t  exceed 
control lable  limits up t o  a Mach number of 0 .go. 

The approximate var ia t ion of elevator and stabi l izer   effect ive-  
ness W i t h  Mach number 18 ahom i n  figure 10. kCOIIEliE,bnCieB in 
the data prevented. more detai led and accurate  evaluation of these 
parameters. However, %he curves  presented are bel ieved  to  be 
representatlve of the character is t ics  of these control surfaces. 

m e  slope of the elevatodinge+nament  curves  (fig. 11) 
increased with Mach n m h r   f o r  large elevator deflections but 
decreased for emall deflections. A t  amall deflections there was 
a tendency toward overbalance which actually  occurred.at  a Mach 
number of 0.875 with zero stabil izer  incidence and 831 angle of 
a t tack of 4’. While data f o r  k0 angle of a t tack a t  0.90 Mach 
ntmiber are no% available,  indication8 are that overbalarnce would 
have occurred. L i t t l e  change in elevator hingeinwnent coeff ic ient  
w i t h  change in s t a b i l i z e r  Inctdence wae noticeable below about 
0.85 Mach number. 

- 

Figure 12 presents the variation of s t a b i l i z e r  hingelnament 
coeff ic ient  with elevator  deflection. The variations of hinge-moment 
coeff ic ient  with both angle of a t tack  and Mach  number were relatively 
o o n s t a t  within the  range of the test. The variat ion of e t ab i l l ze r  
hinge-mament coeff ic ient  w i t h  stabil izer  incidence l e  shown in figure 13.  

. i  

- 

The elevator anglea reqnfred for level flight were calculated 
with an assumed gross weight of 13,100 pounds. Wse deflections 
together with the st ick  forcea  required  to  mahtaln balance at  
several a l t i t udes  and zero  stabflizer  incidence are shown i n  figure 
14. Since the s t a b i l i z e r  effectiveneee was approximately 2 t o  3 
times that of the elevator, it is apparent that t h e  s t ab i l i ze r  X&B 
suf f ic ien t ly   e f fec t ive   to  trim the model at  a l l  speeb included in 
the range of the t e a t .  

As indicated by figure 15, the aileron  effectiveness remained 
easentially  constant betwee3 Mach numbere of 0.3 and 0.9, although 
there W&E 8crme indicatlcm of reduced  effectiveneee a t  the higher 
angles of a t tack a t  a Mach number of 0.90. A t  all other Mach numbers 
Kithin the range of the tests the e f fec t  of increasing the angle of 
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attack was noticeable  but  not  serious.  Figure 16 presents the 
aileron hinge+uament coeff icients. 

A- 

Wing Leadin@@ Slats 

The lift characteristics of the model for several positions 
of the l ead invdge  slat are shown in figure 17. me  effect  of 
delayfng the stall a t  high let coefficients l e  clearly  apparent 
at  low Mach numbers. At a Mach number of 0.30 the extended slats 
increased the lift coefficient a t  which stall  occurred  about 0.25. 
A t  6mall angles of attack  the extended slat6 reduced."Lhe lift 
coefficient  slightly. However, this effect  is diminished &a the 
angle of attack is increaeed and i a  revereed at  high angles - 

At l o w  lift coefficients  the extended slats also caused an ' increase in the  drag  coefficient of about 0.015 t o  0 .020. However, 
because the extended slats delayed the stall, the  drag  coefficients 
a t  high lift coefficients were emaller with the slats extended. Be  
increment of drag caused by the extended slats at l o w  lift coeffi- 
cients remafned essentially  conetant with Mach ntmiber (See f ig .  18.) 

c Figures 19 and 20 &ow the effect of the e h t s  on the  pitching- 
moment characteristics of the model. At l o w  Mach numbers, the fu l ly  
extended slat alleviatsd the t i p  s t a l l  encountered with the slat 

longitudinally stable. However, for a mKU range of Lift coefficiente 
immedfately below the s t a l l  the model exhibited a tendency f o r  
lnetabil i ty even with the slat extended. Externion of the slats at 
W h  numbers  above 0.80 and lift coefficients below 0.20 resulted 
in serious loss of etatic  longitudinal  stability. 

- retracted., so that a t  the maxlmrmL l i f t   coe f f i c i en t  the model was 

Ffgure 21 presents the effect of the slats m the alhron 
effectiveness. In general,  the slata decreased the effectiveness 
of the  aileron for upward deflectiona and increased it for downward 
deflections. The effect  WBB in both cases. There is sane 
indication that the intermediate positions of khe slats caused 
greater loss than the extegded positions. 

Fuselagg-Eiide Dive Brakes 

Extending the fuselage dive brakes produced negligible  effect 
011 the LCft of the model. (See fig.  22 .) 
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The increase in drag  coefficient due t o  the dfve brake8 amartlted 
t o  about 0.007 f o r  each loo deflection d the brake and increased 
only s l igh t ly  with Mach number. (See f i g .  23.)  

Figure 24 shows t h a t  M e  dive brakes supplied a posit ive 
pitching-mament  increment to   the  model approximately  equal in 
e f f e c t  t o  0 .To of elevator  deflection  for each 10' of brake deflec- 
tion, giving a maximum e f f e c t  comgazable t o  about 6' of upward 
elevator  deflection with the brake completely extended. Bo 
important e f fec t  on the e ta t ic   longi tudina l   s tab i l i ty  w a ~  noted. 

The effectiveness of the  elevator W ~ E  reduced  approximately 
35 percent w i t h  the dive brakes deflected 850, ae  indicated in 
figure 25. The percentage loa8 in effectiveness remained re la t ive ly  
constant w i t h  Mach number. (Discretion  should be employed In the 
use of fig. 25 as the l imited amount of' data obtained was somewhat . 
errat ioJ  

The following  conclusions may be drawn from the  preceding 
discussion: 

1. A t  low lift coefficiente divergence of the drag occurred 
a t  a Mach number of approximately 0.86. 

2. The model exhibited no uncontrollable tendency t o  nose 
down a t  Mach nmbere within the limits of the tests (0.30 t o  0.90) . 

3 .  Btat ic  longitudinal s t a b i l i t y  began t o  increaee a t  a N c h  
number of about 0.85 but did not exceed controllable limits within 
the  range of the tests. 

4. The extended wing-leading-edepe a l a t s  cause longitudinal 
i n s t ab i l i t y  at  low lift coefficients and high Mach numbers but were 
otherwise effective i n  delaying the s t a l l  at high angles of attack 
and preventing  instabil i ty a t  high lift coefficients.  

5.  Each IO" deflection of the  fwelage-side dive brakes 
supplied a drag-coefficient  increment of about 0.007 and an incre- 
ment of positive  pitchfng moment about equal. that produced by 0.7' 
upward elevator  deflection. 



NACA RM Ro. A p 8  I1 

6. The effectiveness of the elevator =E reduced about 35 e 
percent  with the dive brakes deflected 850. 
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(a) Wee-qwter front view. 
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